Background
==========

A significant number of deceases, 16 million unnecessary days of hospital stay and large amounts of spending is caused by Healthcare-Associated Infections (HCAI), according to the World Health Organization (WHO) \[[@R1]\]. Major effort has been put into improving hand hygiene standards for healthcare providers (HCP) to manage hospital internal sources of contamination. In recent years strains such as *Staphylococcus aureus* and methicillin-resistant *Staphylococcus aureus* (MRSA) present an increasingly hard challenge to hospital hygiene because their spread cannot be reliably prevented by antibiotics. Life science industry representatives (IR) may escalate this problem: They often work on site in close contact to patients and HCPs are present during surgeries and other treatment. Additionally the IR visit several hospitals in a day and may carry contaminations from one site to another. There is urgent need to elucidate whether these IR exhibit similar contamination levels as HCP \[[@R2]\]. HCP are known to carry a higher risk than the general public, where the prevalence is 20/100 and 2.2/100 for *S. aureus* and MRSA respectively \[[@R3]\]. If similar levels can be detected revision of procedures and standards is indicated to combat HCAIs and protect patients, hospital workers and external staff \[[@R2]\].

In the present study we analyze and compare the contamination of IRs and HCPs with *S. aureus* and MRSA after sharing the same environment for more than four hours.

Materials and methods
=====================

We selected *S. aureus* and MRSA as target pathogens because the Robert Koch Institute classified them as pathogens of highest priority \[[@R1]\] and as one of the most frequent causes of surgical site infection, accounting for 24.7% of postoperative wound infections \[[@R2]\]. Their importance is additionally stressed by findings of Gastmeier & Geffers \[[@R4]\] that MRSA in Germany alone accounted for 14,000 HCAI/year.

We asked if the different professional groups would or would not display significant differences in contamination after visiting the same site for at least 4 h. The null hypothesis for dip slide testing was defined as the lack of statistical differences in the contamination of fingers of the different professional categories with regards to:

Total plate count*S. aureus* and in a defined subsample MRSA.

Target location & population
----------------------------

This survey was performed anonymously on attendees of the MEDICA medical exhibition, including IR, hospital physicians and nursing staff. The venue was chosen because it provided a large number of participants from each group. Fingertip contamination of participants was examined after leaving the venue. The circumstances of exiting the venue ensured that no objects or gates of any kind had to be touched before participants reached the two distinct interception points, at a minimum distance of 300 m from the exit (equal to 4 minutes walking time. The choice of interception point locations secured that visitors to MEDICA preferring different transportation systems (cars vs. subway/bus) were included. Weather conditions were dry and the temperature at 5°C \[[@R5]\].

Investigator teams
------------------

To ensure least possible bias from leaking information to potential MEDICA visitors prior to the study all supporters and suppliers were strictly held under non-disclosure agreements. Investigator teams were chosen from the nursing and geriatric care school of the Diakonie Kaiserswerth. Seventy two candidates, divided in three groups, were invited to participate in a 90 minutes training led by the first author (H.S.) to qualify as investigator.

Eighteen candidates did not pass the qualification for various reasons and were excluded from participation as investigators. Written consent was taken from all remaining investigators. The resulting 18 investigator teams consisted each of

a contact persona survey specialist anda specialist to perform the dip-slide testing.

To prevent the investigators from being contaminated or potentially biasing study results physical contact with participants or any other individual during the study was prohibited. In addition all investigators applied alcohol based hand scrub before and after each participant and dip-slide testers additionally wore single use medical gloves. The team members controlled each other to perform all process steps according to standard. Deviation from standard resulted in exclusion of the participant from the survey and microbiological burden testing.

Settings and investigation process
----------------------------------

The study was designed as an anonymous non-interventional prospective intercept study (Figure 1 [(Fig. 1)](#F1){ref-type="fig"}) combined with a prospective blinded test of fingertip contamination using the agar dip-slides (Hygiene Monitor and Hygiene Monitor CHROmagar *S. aureus* double-sided by Transia GmbH, Ober-Mörlen, Germany). Recruiting and data collection was strictly anonymous and executed on one day between 04.30 p.m. and 08.00 p.m. Participants were selected based on the following inclusion criteria:

MEDICA visitor on 11/15/2012Minimum visit time 4 hAge 25--65Professional category: Life sciences industry employee, hospital physician, hospital nursing staffAbility to understand the scope & meaning of the survey-consentLocation of occupation: Germany (accounts for variation in MRSA burden in varying countries).

All others were excluded from participation. Oral consent was taken by two independent investigators and documented by attaching the serial number of the sample to the questionnaire as described in the standard protocol of this study. The Ethical Committee of the University Medicine of Rostock, Germany approved the study design under its registration number A2013-0010.

Participants & sample
---------------------

35% of intercepted MEDICA attendees were included, mainly because only participants with job location in Germany were valid. 30.2% (311 individuals) of the remaining participants agreed to the survey and take part in sampling (Table 1 [(Tab. 1)](#T1){ref-type="fig"}). Thirteen where excluded according to the criteria of the study (see below). Data and microbiological results of those thirteen were dismissed for further analysis.

After applying exclusion criteria 298 participants remained valid, they consisted of 208 (69.8%) industry representatives, 49 (16.4%) nursing staff and 41 (13.8%) physicians. 63 were women and 235 men (21.1% and 78.9% respectively). There was little difference recorded in the median MEDICA visit length for physicians (mean 07:00 h, SD: 00:59 h) and nursing staff (mean 07:08 h, SD: 01:08 h). IR (mean 08:00 h; SD: 01:19 h) stayed on average one additional hour. A total of 113 (37.9%) participants had diurnal contact to domestic animals or livestock. Before sampling all participants were asked about their handedness. Samples were taken from the dominant hand.

All participants were tested on four different fingers using dip-slides: Hygiene Monitor and Hygiene Monitor CHROmagar *S. aureus* double-sided (both Transia GmbH, Ober-Mörlen, Germany). Incubation and analysis was performed blinded in compliance with manufacturer specifications at Henkelmann GmbH & Co. KG (Volkmarsen, Germany) for (Figure 2 [(Fig. 2)](#F2){ref-type="fig"}):

Total plate count,*S. aureus*.

The count results varied from 10^2^ to 10^7^. From the initial raw sample we drew a blinded subsample of 99 dip-plates. After primary incubation and analysis those dip-slides were transported to the G+S Laboratory of Bacteriology and Food Hygiene GmbH; (Rheda-Wiedenbrück; Germany). They were inoculated on Baird-Parker-Agar to isolate gram-positive Staphylococci species. Consequently all Baird Parker positive colonies were inoculated on Brilliance MRSA2-Agar (Oxoid) and if found positive for MRSA validated with agglutination Latex test PBP2 (Oxoid).

Data analysis and statistics
----------------------------

Excel 2010 and Minitab 16 were used to register and to analyze the data, supported by the Institute for Biostatistics and Informatics in Medicine and Ageing Research, University Medicine of Rostock. Qualitative parameters were tested, using the Chi-square test. KS-test and Anderson-Darling were applied to test quantitative data sets for normality. U-Test from Mann/Whitney was used to test for significance. Statistical significance was assumed for p-values below 0.05.

Results
=======

IR where engaged in hospitals, operating rooms and outpatient clinics (82%, 41.8%, 51.9% respectively). 65.9% of IR (vs. 48.8% physicians and 40.8% nurses) carried a microbiological burden ≥10^4^ CFU (colony forming units) (Table 2 [(Tab. 2)](#T2){ref-type="fig"}). Neither *S. aureus* (≥10^4^ CFU) in IR (40.9%) did show statistical differences in contamination patterns in comparison to physicians (43.9%, p=0.346) and nurses (36.7%, p=0.878) nor did MRSA (physicians p=0.579, nurses p=0.908), see Figure 3 [(Fig. 3)](#F3){ref-type="fig"}.

Total plate count resulted in a statistically significant higher proportion of IR (65.9%) carrying a microbiological burden ≥10^4^ CFU when compared to physicians (p=0.0003) and nursing staff (p=0.032). Physicians and nursing staff did not return a statistical difference in total plate count (p=0.356).

We found total plate count median for women (10^3^) being lower than for men (10^4^) (Figure 4 [(Fig. 4)](#F4){ref-type="fig"}) and we observed no significant difference in *S. aureus* contamination of the different professional groups consistently returning p-values \>0.05. As for *S. aureus* burden, 40.9% of IR, 43.9% of physicians, and 36.7% of nursing staff carried ≥10^4^ (Figure 3 [(Fig. 3)](#F3){ref-type="fig"} and Figure 4 [(Fig. 4)](#F4){ref-type="fig"}).

Furthermore, the microbiological burden test data of randomized subsample of 99 participants tested with CHROmagar *S. aureus* dip-plates is shown in Table 3 [(Tab. 3)](#T3){ref-type="fig"}.

Finally our analysis of daily contact to livestock or domestic animals (37.9%) did not return a positive statistical correlation for *S. aureus* (p=0.6993) -- a possible explanation is the likely lack of professional farmers in the study data (Figure 5 [(Fig. 5)](#F5){ref-type="fig"}).

The analysis of MRSA positive tests in the subgroup analysis with Chi-Square test returned p-values \<0.05 suggesting no significant difference in MRSA colonization between the different professional groups (see Table 4 [(Tab. 4)](#T4){ref-type="fig"}).

Discussion
==========

Our findings of total plate counts (≥10^4^) are consistent with previous findings \[[@R6]\]. The statistically higher total plate count (≥10^4^) we found on IR compared to physicians and nursing staff could be explained by the additional hour those employees were exposed on average to the MEDICA environment. This assumption is backed by findings of other authors that median length of exposure is associated to bacterial contamination of HCP hands \[[@R7]\] and "prolonged contact with health care environments is a known risk factor for acquisition of HCAI's" \[[@R8]\].

Comparison of prevalence of *S. aureus* and MRSA in the general German public (20/100 and 2.2/100 respectively) to MEDICA participants, leaves the conclusion that IR and HCP either acquired contamination at the venue or are permanent carriers thereby posing an even increased contamination risk \[[@R3]\]. There is also evidence that physicians and nursing staff acquire transient pathogen flora from contact with inanimate objects \[[@R9]\], \[[@R10]\] or touching intact areas of skin \[[@R11]\]. It is known that this transient contamination can turn into a persistent colonization \[[@R12]\]. In the presence of inconsistent HCP hand hygiene compliance rates, the transfer of pathogens from contaminated IR to patients seems possible. This is additionally backed by findings that pathogens can be transmitted from out-of-hospital sources to patients via the hands of HCPs \[[@R13]\].

Pittet found *S. aureus* fingertip contamination in 11% of HCP \[[@R7]\] using agar fingertip impression plates. Our findings of *S. aureus* colonization are higher (≥10^4^) and uniformly distributed between physicians (43.9%, n=10), IR (40.9%, n=85) and nursing staff (36.7%, n=18). Comparing IR with physicians and nursing staff, no statistical significant difference in *S. aureus* (IR vs. physician: p=0.348 / IR vs. nursing staff: p=0.878) or MRSA (IR vs. physician: p=0.579 / IR vs. nursing staff: p=0.908) contamination was identified. This supports our hypothesis that different professional groups sharing the same work environment (MEDICA) may acquire similar transient contamination patterns, though there is a potential that our methods documented permanent colonization instead.

Our findings are in line with the findings of Kampf, Löffler and Gastmeier \[[@R14]\] who published that *S. aureus* was present in up to 78% of health care workers hands. Other investigators have found MRSA to account for up to 18 to 20% of clinical *S. aureus* samples \[[@R15]\]. Similarly, we found MRSA on the fingertips of 7.7% (1 physician), 13.0% (9 IR) and 11.8% (2 nursing staff) in the subsample. One study raised the assumption that there might be a fixed risk associated with each patient to HCP contact to acquire HCAI. According to this study this risk accumulates during the course of a hospital stay \[[@R16]\]. We need to ask if this might be true for each IR employee and HCP contact as well. According to Henkelmann GmbH & Co. KG, the measured *S. aureus* (≥10^4^) microbiological burden would be considered intolerable for German food processing industry employees.

David and Daum \[[@R17]\] described community-associated methicillin-resistant *S. aureus* as "new clones of MRSA not being confined to healthcare environments and spreading rapidly among healthy people in the community". The propagation of MRSA from agricultural livestock to humans is known to be frequent \[[@R15]\]. The relationship of nasal MRSA colonization in German veterinarians is 2--45%, and their related livestock (pig) farmers 86% \[[@R18]\] has been described in previous studies. In addition to this there are studies that suggest that 10--40% of MRSA colonization in the Netherlands are in patients that had exposure to hospitals outside the Netherlands \[[@R19]\] suggesting that MRSA root causes may well lie outside of the individual hospital. In the Netherlands, this led to the banning of hospital staff from work until three negative tests for MRSA have been performed over a period of three weeks, if the staff member had worked in a hospital outside the Netherlands \[[@R20]\]. Given the fact that we did all our sampling outdoors and that MRSA has the ability to persist for up to 7 months \[[@R21]\] on inmate surfaces, MRSA may not be restricted to hospital environments but also be spread to IR automobiles and homes.

We made significant effort to reduce bias and increase data quality through standard processes:

Separation/blinding of data gathering, dip-slide test and data analysisInvestigator training includingSOP's incl. guides for contact, interview and sample4 eyes principle during consent, survey and sample procedureSame day data and sample collection. Avoids double contact and potential bias due to raised awareness on next day2 distinct interception points (Exit North and Exit East)18 independent investigators teamsAdequate storage/unbroken cooling chain of samples in the entire process.

As usual intercept surveys cannot provide a cause and effect relationship -- leaving the primary source of contamination for all individuals unknown - this will have to be the focus of future investigations. It is possible that due to the inoculation and double validation process of both *S. aureus* and MRSA in the subgroup, we found a reduced number of MRSA positive samples. A medical trade fare location was chosen instead of a hospital environment because it allowed us to reduce bias from artificially increased compliance due to leaking information. It allowed us to recruit a high number of participants in a short period of time. We acknowledge that the investigation site may have an impact on findings -- more in depth research will be required on hospital sites to verify this. Confounding for gender may have had some impact on the study results. Bias may have occurred when employees of the different professions thought that their employers or industry may expect them to answer question in a specific direction -- or not answer at all. We did not measure the contamination status of the different professional populations prior accessing MEDICA and are aware that there might be a confounding of transient with permanent colonization due to the nature of the professionals -- but this would make our findings only more worrisome. The fact that we had \>50% of participants travelling to MEDICA by car reduces the likelihood of confounding for public transportation as the primary contamination source.

Conclusion
==========

Our findings suggest that industry representatives (IR) provide a potential reservoir for direct or indirect cross-transmission to patients. They show a comparable contamination risk as HCP and patients for S. aureus and MRSA. It can be assumed, that the same applies for other types of pathogens, but especially for other multi-resistance species, further research is needed to support this. In comparison to the general public the increased risk of IR is characterized by their access to critical sections in hospitals, roaming between several hospitals per day, a high frequency of contacts with HCP, the work environment and medical gear. Also, they are often neither sufficiently instructed in standard operating procedures nor sufficiently protected by vaccination.

It follows that hospitals and IRs have to revise their methods and procedures to prevent these risks in the short-term. Furthermore, to avoid cross-infection inter and intra hospitals, the same hygienic standards and procedures that apply to HCP have to be applied to IR. Standards according to EUCOMED suggestions could be a starting point to improve the situation.

Notes
=====
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